Abstract. China is the world's largest PV market now. At the end of lifetime, large waste volumes of PV modules need to be recycled. In this paper, the expected PV waste volume is overviewed. By 2034, the EOL PV modules will reach 60 to 70GW. But there are currently no specific regulations for EOL PV modules and the technology research has just started. Technology status is illustrated for crystalline silicon and thin film PV modules. Policy suggestion and technology R&D tendency have been carried out for future.
Introduction
In 2014, the PV installation of China was 10,64 GW, reaching the 10 GW target of average annual growth and by the end of 2015, China PV accumulated capacity was over 43GW, becoming the world's largest PV market. The National Energy Administration (NEA) issued "The 13th Solar Energy National Plan 2016-2020" (draft for comments) in December 2015. The main near targets are: 1) by the year of 2020, PV cumulative installation will be 150GW，among them, 70GW is distributed PV, 80GW is large-scale ground mounted PV and 10GW of CSP. With the rapid development of PV industry, PV module recycling is received more attention from the government and PV enterprises in China now due to the large volume for recycling in future.
Overview of Expected PV Waste Volumes
The waste volume increases with the growth of PV installation. As the PV module has a long life time, the large waste volume of PV module needs to be recycling and disposal in future. As expected, the waste volume will begin to increase significantly after 2020 in China. In the case of good operation maintenance of PV modules (Scenario 1), the expected waste volume will reach nearly 60 GW, and in the case of common operation maintenance (Scenario 2), the expected waste volume will be over 70 GW in China by 2034. 
Recycling technologies of waste PV panels
There are no matured PV module recycling industrial applications in China now. Due to the small waste volume currently, the EOL PV module recycling market has not been established yet. Technology is still in the stage of laboratory research and development, and no professional equipments are used for the PV recycling in China now. The the economic benefit of the PV recycling is bad now.
Based on National High-tech R&D Program "PV Recycling & Safety Disposal Research (R&SD)", two recycling methods for crystalline silicon PV modules have been researched-Mechanical method and Thermal method ( Fig.2 and 3 ). After crush、cryogenic grinding and separation in mechanical method, aluminium frame、glass 、EVA、back sheet particles、Si power mixture and others are obtained without chemical reagents. Due to low energy consumption and no chemical additive, mechanical method is more environmental friendly. The recycling rate is about 90%, but Si can't be recycled for PV industry due to the low purity. In thermal method, after thermal process EVA material is gasified to realize the separation of the cell, glass and other materials. The clean cell debris is used for chemical experiments for recycling Si, Ag and Al. The materials recycled by thermal method are valuable. But the energy consumption is high, and the gas and liquid organic matter can be produced, which brings a certain environmental burden. Also, some patents about PV module recycling are researched. Prefractionation of C-Si PV module glass and EVA by hydrothermal reaction is studied by Trina Solar. Unbroken glass and EVA can be recycled and the glass will be used to PV module production again. For thin film, chemical treatments are used for recycling the valuable, scarce and hazardous materials (Cd,Te,Ga,Im). A CdTe recycling technology is invented by IEE, CAS. After removing the EVA, CdTe module is etched in the sulfuric acid/hydrogen peroxide solution. Then magnetic polymer microspheres are used directly and quickly in the CdTe etching solution to enrich Cd and Te to get the high concentrated Cd and Te acid etching solutions. A CIGS recycling technology is invented by Hanergy Thin Film Power Group. EVA encapsuation film, TCO window layer and CDs buffer layer of CIGS are removed by acid leaching method. Then with high temperature hydrogen reduction reaction, copper indium gallium selenium compounds are reduced to copper indium gallium metal layer, and reused to CIGS cells production.The purity of the recovered products obtained by chemical method is relatively high, but the treatment steps are very complicated, and some of the waste liquid is produced, which has certain environmental risks. 
Regulatory framework of PV recycling
In March 2007, the Ministry of Information Industry released the "electronic products pollution control management approach". In September 2007, the State Environmental Protection Administration issued the "electronic waste pollution prevention management measures". In February 2009, the State Council promulgated the "waste electrical and electronic product recycling management regulations", which implemented in January 1st, 2011. In the regulations of 2011, the waste electrical and electronic products shall be collected in various ways and recycled in centralized processing system; producers can collect and recycle the waste electrical and electronic products by themselves, or entrust the sellers, after-sales service agencies or waste electrical and electronic products recycler to collect and qualified institutions to recycle and disposal it.
But at present, the PV module is not in the "waste electrical and electronic products processing directory" of the regulations.
Summary and Outlook
China is the world's largest PV market now. The EOL PV modules will reach 60 to 70GW in 2034. But there are currently no specific regulations for EOL PV modules and the technology research has just started. Policy suggestion and technology R&D tendency have been carried out for future.
Policy suggestion includes： Special regulations or laws need to be established for EOL PV modules recycling in China. The responsibility and financing of recycling should be ensured. The recent/mid-long-term target of the mass recycling rate should be pointed out.
The standards and guide rules for EOL PV modules recycling need to be drafted to guide the recycling and disposal more cost-effective and environmentally friendly.
The third party agency for PV module recycling needs to be founded to build a better recycling operating system.
Technology R&D tendency in 2016-2020 includes: Thin Film PV module recycling technology R&D； High efficiency, low cost, and low energy consumption recycling empirical demonstration and key equipment development for crystalline silicon PV modules;
On-site recycling and disposal mobile platform for crystalline silicon PV modules power station;
